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Phillips, M. A. et al. (2017) Malaria

Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.50

Figure from the world malaria report 2018 of the WHO: http://www.who.int/malaria/publications/world-malaria-report-2018/report/en/

1. WHO Malaria Fact Sheet, updated November 2018.

Prevent acute 
symptomatic malaria 

Protect Migrant Worker
from low endemicity or 

malaria free areas

Cover for one week
(Ideally one month)

We Can Do More!!!

At least  
3 billion people 

at risk1

Estimated
435 000 deaths 

worldwide

61% deaths 
occur in children 

<5 years

http://www.who.int/malaria/publications/world-malaria-report-2018/report/en/


Parasite Life Cycle

Blood stage: 
• Symptomatic
• Blood Measurement

Liver stage:
• Asymptomatic
• No Measurement



Parasite Life Cycle

Blood stage: 
• Symptomatic
• Blood Measurement

Liver stage:
• Asymptomatic
• No Measurement

Bottleneck and first stage of human infection
→ Attractive target for prophylaxis



Can a PKPD model for liver stage be developed to support 
clinical study design & dose selection for Phase II?

Objective



VIS Models

Induced Blood Stage 
Malaria infection

Blood Stage 
infection

Evaluation of Curative 
Properties in PhaseIb

Sporozoite 
Induced Malaria 

infection

Liver Stage 
infection

Evaluation of Chemoprotective
Properties in Phase Ib

Volunteer Infection Study (VIS) Models



Type of Data

LIVER STAGE BLOOD STAGE

Study Volunteer Infection Study (VIS)

Route of Infection
IV inoculation of

Sporozoites
(Parasite Form in Mosquito Salavia)

IV inoculation of 
Infected Red Blood Cells 

(iRBC)

Parasite Dynamic
Not Measurable in 

Human
Directly Measurable 

(Blood Sampling)

Drug Activity
Indirect Observation 

via Blood Stage
Directly Measurable 

(Blood Sampling)
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Model Overview

𝒅𝑷𝑳

𝒅𝒕
= 𝑷𝑳 ∗ 𝑮𝑹𝑳 − 𝑲𝒊𝒍𝒍𝑳 𝑪 − 𝑻𝒓𝑳𝑩

𝒅𝑷𝑩

𝒅𝒕
= 𝑷𝑩 ∗ 𝑮𝑹𝑩 − 𝑲𝒊𝒍𝒍𝑩 𝑪 + 𝑻𝒓𝑳𝑩

𝑻𝒓𝑳𝑩 𝒕 = 𝒌𝑳𝑩𝑷𝑳

𝟏

𝟏 + 𝒆
−

𝒕−𝟔𝐝𝐚𝐲
𝝈𝒕

≈ ቊ
𝟎 𝐟𝐨𝐫 𝒕 < 𝟔𝐝

𝒌𝑳𝑩𝑷𝑳 𝐟𝐨𝐫 𝒕 > 𝟔𝐝

𝑷𝑳 𝒕 = 𝟎 =? ? ?

with

&



Blood 
Stage

GRB

Drug Effect on 
Blood Stage

Blood Stage

𝒅𝑷𝑩

𝒅𝒕
= 𝑷𝑩 ∗ 𝑮𝑹𝑩 − 𝑲𝒊𝒍𝒍𝑩 𝑪
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▪ Infected RBC (iRBC) are 
injected to volunteers.

▪ Parasite growth in the 
blood for 7/8 days prior 
treatment with DSM265.

▪ Clearance of the parasite, 
potentially followed by a 
recrudescence.

Clinical Data
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▪ All PD parameters can be
identified.

▪ e.g. Emax-model:

𝐾𝑖𝑙𝑙 =
𝐸𝑚𝑎𝑥𝐶γ

𝐸𝐶50
γ

+𝐶γ

PKPD modelling



Infection

Liver
Stage

GRL

Parasite Growth in Liver Stage?

What we want to 
describe, but no 
measurements



Infection

≈5-7 days

𝑇𝑟𝐿𝐵

Liver
Stage

GRL

Blood 
Stage

GRB

Parasite Growth in Liver Stage?

What we want to 
describe, but no 
measurements

Measured
& well-described
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What is known?

Infection

≈5-7 days
Post-Infection

Liver
Stage

GRL

1. Each invaded hepatocytes 
releases 10,000 to 50,000 
parasites into the blood.
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What is known?

Infection

≈5-7 days
Post-Infection

Liver
Stage

GRL

1. Each invaded hepatocytes 
releases 10,000 to 50,000 
parasites into the blood.

2. The liver stage lasts 5-7 days.

3. In a liver-stage VIS, 3200 
parasites are injected.

⇒ But how many hepatocytes were 
actually infected ?

Assuming exponential growth:

GRL≈ 0.072 hr-1

Parameter to be estimated:

Infected Fraction Finf
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▪ Volunteers are inoculated 
with 3,200 parasites.

▪ First appearance of parasite 
in blood after day 6 post-
inoculation

Clinical Data

Parasite IV 
Inoculation
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Initial Parasitemia Identifiability

▪ From the model, estimation of 
Finf~0.12%.

▪ Which corresponds to ~4 
infected hepatocytes.
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Infection

≈5-7 days

𝑇𝑟𝐿𝐵

Liver
Stage

GRL

Blood 
Stage

GRB

Drug Activity in Liver Stage?

Last piece of 
the puzzle

Drug Effect on 
Liver Stage

Drug Effect on 
Blood Stage
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Drug Activity Assumptions

Infection

≈5-7 days

𝑇𝑟𝐿𝐵

Liver
Stage

GRL

1. DSM265 does not affect the duration of the liver stage.

2. DSM265 has identical mode of action in blood and in liver stage.
⇒ Emax and hill coefficients are assumed to be equal between the two stages

Drug Effect on 
Liver Stage
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▪ Two Placebo

▪ Six volunteers were 
administered 400mg 
DSM265 three days 
prior infection.

Clinical Data

Dose 
Administration

Parasite IV 
Inoculation
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PD Parameters Identifiable

▪ EC50,L estimated to be 
6540ng/mL 
(EC50,B=830ng/mL)



▪ Model-based prediction of success rate compared to observation
Percentage of patients malaria-free at Day 28

33

Model Validation



Conclusion



▪ Focus was to work on each stage of the life cycle:

⇒ The blood stage is well characterize (growth and drug activity).

⇒ Understanding the liver dynamic is key (required assumptions)

▪ A PKPD model was able to be derived:

⇒ Despite the lack of direct measurements at liver stage

▪ Can support dose selection for chemoprotection.

Perspectives:

– Sensitivity analysis on the assumptions

– Simulation accounting for adherence

– Different transfer function (e.g. transfer more distributed over time)

– Integrate knowledge from future in vivo studies
35

Conclusion
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MMV Disclaimer 

 

This presentation contains certain forward-looking statements that may be identified by 

words such as ‘believes’, ‘expects’, ‘anticipates’, ‘projects’, ‘intends’, ‘should’, ‘seeks’, 

‘estimates’, ‘future’ or similar expressions, or by discussion of, among other things, vision, 

strategy, goals, plans, or intentions. It contains hypothetical future product target profiles, 

development timelines and approval/launch dates, positioning statements, claims and 

actions for which the relevant data may still have to be established. Stated or implied 

strategies and action items may be implemented only upon receipt of approvals including, 

but not limited to, local institutional review board approvals, local regulatory approvals, and 

following local laws and regulations. Thus, actual results, performances or events may differ 

from those expressed or implied by such statements.   

We ask you not to rely unduly on these statements. Such forward-looking statements reflect 

the current views of Medicines for Malaria Venture (MMV) and its partner(s) regarding future 

events, and involve known and unknown risks and uncertainties.    

MMV accepts no liability for the information presented here, nor for the consequences of any 

actions taken on the basis of this information. Furthermore, MMV accepts no liability for the 

decisions made by its pharmaceutical partner(s), the impact of any of their decisions, their 

earnings and their financial status. 
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Back-Up



39

⇒ PD parameters estimation

Parameter Value RSE

kgr,B (1/hr) 0.068 FIX

Emax,B (1/hr) 0.186 4.5%

EC50,B (ng/mL) 830 6.6%

γB (.) 2 FIX

PLbase (.) 3.23 8.6%

Ω(Emax,B ) 0.12 23.3%

Ω(PLbase) 0.94 22.9%

β(Emax,B ,Dose) 0.29 29%

Erroradd 1.47 4.9%

Blood Stage: PKPD modelling



Probability of infection

➢ A bit of math:
• pspz: probability of a sporozoite to 

infect a hepatocyte

• Probability of infection when 800 
spz are injected to volunteers is 
77%

• Assuming binomial distribution:
𝑃 𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 |𝑛 = 800

= 𝑃𝑖𝑛𝑓 = 1 − 1 − 𝑝𝑠𝑝𝑧
800

• Therefore 𝑝𝑠𝑝𝑧 = 0.17%



Number of Infected Hepatocytes

➢ Percent of SPZ reaching the 
liver:

➢ Number of injected SPZ:


